Large branched DNA structures are constructed by two-step reassociation of separated complementary strands from restriction fragments of different lengths. The displacement of DNA strands initially annealed to longer complementary DNA sequences, a process mediated by branch migration, is very rapid and has thus far been followed only under conditions which are second order, DNA reassociation rate limiting. The average lifetime of branched DNA leading to displacement of 1.6 Kb strands is estimated to be less than 10 seconds under conditions of DNA reassociation, Tm~25°C.
INTRODUCTION
Several DNA-binding drugs were found to have no effect on the kinetics of strand displacement under the conditions that we describe here. Actinomycin D does retard the displacement, albeit by decreasing the rate of DNA reassociation leading to branch formation. We have considered the potential manipulation of DNA structures at site-directed branches and limitations due to rapid strand displacement. The feasibility of constructing sufficiently large branched regions to approach branch migration limited kinetics is also discussed. strands which is second order reassociation rate limited.
MATERIALS AND METHODS

Enzymes
It would be feasible to increase the reassociation rate in these experiments about 10 times by increasing the total concentration of reactants by that factor. However the scale of our present apparatus and material rendered this difficult and alternative methods for concentrating the extensively single-stranded reagents compromised precise estimation of concentrations or DNA strand integrity. If successful, the effort might still fail to show the effects of branch migration kinetics accurately since the time interval over which most of the displacement could be followed would be reduced to less than 1-2 minutes.
At this stage we proceeded to consider the available data to estimate a lower limit of the first order of branch migration in the intermediates which the experiment was designed to construct. The integrated rate equations of
Chien (22) ^P-labeled Sal I fragments of Ad 3 DNA were denatured in alkali (0.3 M NaOH), neutralized with HC1, adjusted to 0.3 M NaCl, 0.14 M sodium phosphate, pH 6.8 and incubated at 65°C. Aliquots were withdrawn from the reactions and analyzed by hydroxyapatite chromatography to determine the fraction of double-stranded DNA reassociation product. The observed second order rate constant is shown here as it varies with the concentration of actinomycin D present during the DNA reassociation. The arrow indicates decrease of k^ by a factor of 3.0 at 2 ug/ml actinomycin D.
drug. We therefore conclude that any effect of actinomycin D on the rate of branch migration is still obscured by the rate limitation of the formation of the branched structures by DNA reassociation.
Our failure to detect significant reduction in the rate of branch migration, in the presence of the above reagents attests to the very substantial difference in the rates of the formation and the decay of the branched structures. Branch migration may in fact be significantly retarded by these drugs yet fail to limit the reaction to first order kinetics of strand displacement. Our method of analysis can be applied to other types of DNA ligands in further attempts to specifically distinguish effects on DNA reassociation and branch migration. As efforts proceed to utilize larger substrates for branch migration kinetics, as described above, these and other DNA-binding agents can be evaluated.
Part of our original interest in branch migration experiments was directed towards the construction of branched DNA molecules for site-directed manipulation Jjn vitro. We recently exploited stable D-loops in superhelical DNA in a general procedure for targeted deletion mutagenesis (19).
Application of this approach for uses with linear DNA molecules would extend its usefulness and generality, but at present seems to be impractical, given the minimal life expectancy of even very large branched intermediate substrates. As studies focused on the kinetics of branch migration continue along the lines which we and others have pursued, it may be possible to identify and exploit drugs or protein reagents to selectively interfere with the branch migration process that leads to the rapid displacements of target DNA strands.
